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netlist, and the customer 1s supplied with serial scan test
vectors that test the first section. Additionally, a multiplexing
circuit selects either a serial scan chain for the entire logic
block, or a scan chain that does not include scan cells within
the first section of the logic bloc.

8 Claims, 9 Drawing Sheets
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TEST SHELLS FOR PROTECTING
PROPRIETARY INFORMATION IN ASIC
CORES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of integrated
circuit testing. More particularly, the present i1nvention
relates to the field of test shells for protecting proprietary
information contained within ASIC cores.

2. Description of the Related Art

Application specific integrated circuits (ASICs) are full
custom or semicustom microcircuits. Typically, the ASIC
vendor supplies to the customer (ASIC designer) an ASIC
library containing small scale functional blocks (primitives)
as well as large scale functional blocks (cores). The cus-
tomer then designs an ASIC to its own specification using
these primitives and cores as building blocks. Depending on
the software tools used by the customer, the customer may
cither work with these modules as individual building blocks
using schematic capture techniques, or the customer may
specily the circuit using a descriptive language such as
VHDL or Verilog. In the latter case, a synthesis tool receives
the descriptive language input, and synthesizes a circuit
netlist that will implement the functionality specified by the
customer. ASICs may also be designed using a combination
of schematic capture and synthesis methods.

Cores may range 1n size up to extremely large functional
blocks such as a mini Reduced Instruction Set Computer
(RISC) processor. As integration levels rise, customers
demand cores with greater functionality with which to
implement their designs. The detailed design of large cores
1s usually considered proprictary information. Because 1t 1s
desirable to maintain the detailed design of the core as
proprietary imformation, it 1s desirable that the customer be
ogrven only the functional description and mput/output tim-
ing diagrams of the cores so that he can use them in his
design, and not be given the detailed design of the cores.
Accordingly, the customer 1s supplied with a synthesis shell,
which 1s a high level description of the implementation of
the core, containing enough information for optimization to
the synthesis tool regarding the core. The customer 1s also
provided with a timing shell, which contains the input/
output timing specifications of the core. Beyond these two
shells, the customer does not need to know the detailed
implementation of the core. Accordingly, the customer 1s not
provided with mternal design details.

After the ASIC has been designed and manufactured, the
chip must be tested for any manufacturing defects. This
involves first stmulating the ASIC using a variety of input
test patterns, and recording the simulation output results
which represent the expected outputs of a properly func-
tioning ASIC. The mput test patterns are then applied to the
actual ASIC. The actual outputs are compared to the
expected outputs. Deviations from the expected outputs
indicate that the ASIC has a manufacturing defect.

Logic buried deep within the ASIC may require an
enormous number of test patterns to test. To facilitate
testing, scan cells are added to the ASIC at strategic loca-
fions. Scan cells are points at which logic values may be
forced into the ASIC (scan writable gates) and/or observed
within the ASIC (scan readable gates). Scan cells normally
take the form of flip-flops which may be forced to the
desired logic level, and which may be read from outside the
ASIC. In general, existing tlip-flops are converted into scan
flip-tlops by adding some additional logic gates. For
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example, scan cells enable the tester to preset a counter
within the ASIC to a particular count, and to verily that
combinatorial logic derived from the counter outputs is
working properly. Strategic placement of scan cells within
an ASIC allows the number of test patterns required to fully
test an ASIC to be drastically reduced. This 1s important
primarily because the computer simulations necessary to
produce the test patterns and expected resulting outputs
require a great deal of computer resources. Without scan cell
techniques, simulation times to produce test patterns that
adequately test an ASIC would be impractically long.
Furthermore, without scan cells some gates within an ASIC
may be simply not testable. However, using scan cells 1t 1s
possible to develop test patterns that will detect 99% or more
of possible gate failures using a set of test patterns that 1s not
impractically long. The fault coverage obtained 1s the per-
centage of possible gate failures that will be detected by a
orven set of test patterns. Scan cells are normally connected
in long chains, allowing all of the scan cells to be written to
or read from using only a few dedicated test I/O lines on the

ASIC.

ASIC designs using embedded cores present a challenge

to test. FIG. 1 illustrates the use of embedded core logic
within an ASIC 100. Core 102 1s a high level functional

block designed by the ASIC vendor, and available to the
customer as a library component. Core 102 receives inputs
from some logic 104 and produces outputs used by some
other logic 106. Embedded cores typically are supplied by
the vendor along with a set of test patterns which, if applied
in 1solation, will produce 99% fault coverage. However,
these patterns cannot usually be applied to the embedded
core 1n 1solation, because the core 1s buried 1mnside the ASIC
with no direct access to the core’s primary inputs and
primary outputs. Hence 1t 1s not possible to apply the
supplied set of test patterns to the core 1n 1solation unless
some mechanism 1s supplied for accessing the core.

Among the 1solation schemes that have been proposed are
multiplexed isolation, boundary scan wrapped around the
core, or test protocol expansion used for macro testing. All
of these proposed techniques result in area and performance
overhead, which may make these technique unacceptable for
many applications.

A second possible type of approach 1s to generate new test
vectors which will be applied at the ASIC level. Test pattern
generation software 1s well known 1n the art, and 1s usually
provided by third party vendors. The input to a test pattern
generation program 1s typically a flattened ASIC netlist. The
flattened netlist describes the complete ASIC 1n terms of
primitives such as AND and OR gates, and their functional
interconnections. The netlist 1s described as {flattened
because the cores, which are hierarchical functional blocks,
have been reduced to their constituent primitives and inter-
connections. Using the flattened netlist, the test pattern
generation software 1s able to generate test patterns that will
test the ASIC with an extremely high percentage of fault

COvVerage.

The problem with which the present mvention i1s con-
cerned 1s that supplying a flattened netlist to the customer
from which the third party’s test pattern generator software
can generate test patterns to test the entire ASIC, conilicts
with the goal of keeping the detailed design of cores
coniidential. The flattened netlist for the core comprises
much of the proprietary design details that the ASIC vendor
desires to keep confidential.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present 1nvention to
provide a method of generating ASIC test patterns, while
maintaining aspects of a core netlist confidential.
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It 1s a further object of this mnvention to provide only as
much mformation about a core netlist as 1S necessary for
software to generate test patterns to test the ASIC, while
maintaining certain design implementation details of ASIC
cores confidential.

It 1s a further object of the present invention to provide a
test shell for an ASIC core.

According to the present invention, a method and circuit
are provided whereby a test shell may be created for any
ASIC core. The test shell 1s a novel construct. It contains
only the minimal amount of detailed implementation infor-
mation necessary for a test pattern generator to generate test
vectors that will thoroughly test an ASIC.

To understand the concept of a test shell introduced
herein, 1t 1s helpful to analogize to the synthesis shell and the
timing shell previously discussed. The synthesis shell for a
core included only enough imnformation for optimal operation
of the circuit synthesis tool. The timing shell contained only
the timing mmformation necessary to allow surrounding cir-
cuitry to load information into the “outer layer” of the core
and receive the resulting outputs. Similarly, the test shell of
the present 1nvention contains only the minimal amount of
information about the detailed implementation of a core
necessary to allow a test pattern generator to generate
patterns that, in combination with test vectors supplied by
the vendor, will thoroughly test the gates within the core as
well as the ASIC containing the core.

An unreduced core netlist represents the detailed 1mple-
mentation of an ASIC core. An object of the present 1nven-
fion 1s to reduce that netlist to the minimum necessary for
full functional testing.

According to the present invention, gates are identified
that may be completely i1solated from the primary
(functional) inputs and the primary (functional) outputs by
scan cells, and which may also be 1solated from gates
affected by the primary inputs by scan cells. Stated 1n a
different way, gates are removed from the netlist that are:

a) not in the output cone of the primary inputs (OCPI),

b) not in the input cone of the primary outputs (ICPO),
and

¢) not in the iput cone of any gates that are in the OCPI.
Gates that meet the above conditions may be removed
because they exhibit the characteristics that they:

1) may be completely tested by using only scan operations
without the need to toggle any primary i1nputs, and

2) have no effect on the rest of the core and ASIC during

scan operations.
The ASIC vendor will supply a set of scan vectors that will
completely test these gates in 1solation from any primary
inputs or primary outputs. Because these gates have no effect
on the rest of the core and ASIC during scan operations, the
rest of the core may be tested using ASIC 1I/O’s and scan
cells without any knowledge of the functionality or imple-
mentation of these gates.

Stated generally, the present invention involves the steps
of 1dentitying a first logic group comprising gates within a
digital logic block that may be tested using a test port,
identifying a second logic group comprising gates that may
be tested 1n 1solation from the first logic group, and gener-
ating a reduced netlist, the reduced netlist containing netlist
information for the second logic group, the netlist containing
less than complete netlist information for the first logic
group.

In a second aspect of the present invention, a method 1s
provided for connecting scan cells within a logic block
removed from the netlist, to the scan chain within the rest of
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the ASIC. This method avoids revealing to the test pattern
generator the existence of those scan cells. According to the
method, a first scan chain includes all of the scan cells within
the ASIC, including those scan cells that are within the
removed logic block. A second chain includes only those
scan cells that are not within the removed logic. A command
bit selects either the first or the second chain to be connected
to the scan output. When the second chain 1s selected and the
data contained within the scan chain read out, knowledge of
the existence of scan cells within the removed logic block 1s
not required to determine the expected scan chain output.
Because knowledge of the scan cells within the removed
logic block 1s not required, additional information about the
removed logic block 1s kept confidential.

When the first chain 1s selected, the information within the
removed logic block will also be read out, and knowledge of
all scan cells within the ASIC will accordingly be required.
However, the portion of the test pattern program that exer-
cises the removed logic and reads the information out of the
scan cells within the first chain is the portion that 1s supplied
by the ASIC vendor. Therefore, no information about the
scan cells within the removed logic block needs to be
supplied to the customer or the test pattern generation
program being used by the customer.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an example of ASIC logic including an embed-
ded core;

FIG. 2 1s an example of logic within a core;

FIG. 3 1llustrates the mnput cone of the primary outputs for
the core of FIG. 2;

FIG. 4 1llustrates the output cone of the primary mnputs for
the core of FIG. 2;

FIG. 5 illustrates the side inputs for the core of FIG. 2;

FIG. 6 1illustrates the complete classification of gates
within the core of FIG. 2;

FIG. 7 1s a model of the core of FIG. 2 with gates removed
according to the method of the present mmvention;

FIG. 8 1s a conceptual classification of various gates
within a core;

FIG. 9 1illustrates a traditional scan chain of a core,
including that portion of the scan chain that passes through
removable logic;

FIG. 10 1llustrates a scan chain concatenation selection
technique according to the present invention; and

FIG. 11 1s a functional overview of a Test Shell Generator
tool.

DETAILED DESCRIPTION OF THE
INVENTION

The novel construct of a test shell mntroduced herein 1s
similar to a timing shell. It reveals only as much of the core
as 1S necessary to develop test vectors, while protecting as
much of the intellectual property or proprietary information
contained within the core as 1s possible.

A test shell includes a partial or reduced netlist to be
provided along with the core. The partial netlist 1s sufficient
to allow a test pattern generator to generate test patterns to
test part of the core and the rest of the ASIC that 1s not within
the core. The netlist information representing the remaining
(protected) portion of the core is not supplied to the cus-
tomer. As a result, the proprietary information contained
therein 1s protected since it 1s very difficult or impossible to
reverse engineer the complete core from merely a partial
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netlist. The vendor supplies a set of test vectors to test that
part of the core logic whose 1implementation details are not
revealed to the customer. These test vectors exercise the
protected portion of the core through the scan chain within
the core. The results of the testing can be read at the scan
port output. Because the protected portion can be completely
tested using only the scan port, access to the core primary
inputs and primary outputs 1s not necessary to test the
protected portion.

Typically, a single test port 1s used that comprises an input
line, an output line, and a control line, for a total of three 1/O
pins. This test port connects to a single scan chain running,
through the entire core. Other port configurations are
possible, including ports having a different number of pins
with correspondingly different functions, as well as multiple
test ports and multiple scan chains. It is to be understood that
references herein to a test port encompass such other alter-
native arrangements.

To test the remainder of the ASIC, including the unpro-
tected portion of the core, the customer will be given a netlist
that includes netlist information for the unprotected portion
of the core. For this portion of the testing, scan control
allows the unprotected portion to be logically 1solated from
the protected portion. In this logically i1solated state, the
protected circuitry has no effect on the unprotected circuitry.
The test pattern generator can therefore determine the
expected response from the unprotected portion, and fully
test that portion along with the rest of the ASIC. Combined
testing using the test vectors generated by the customer
which tests the unprotected portion, and the test vectors
ogenerated by the vendor that tests the protected portion,
allows the entire ASIC including the core to be substantially
fully tested. As with any automatic test generation, a few
gates may remain untested or untestable. A fault coverage of
99% 1s usually considered acceptable.

According to the present invention, given a particular
core, structural analysis 1s performed on the core to deter-
mine which gates can be removed from the core netlist
before the netlist 1s supplied to the customer. It should be
noted that no gates are ever removed from the actual
implementation of the core in hardware. Rather, gates and
their interconnections are being removed from the netlist or
other description of the core that 1s supplied to the customer.
The concept of a test shell will be further developed with
reference to an example core circuit shown in FIG. 2.

In FIG. 2, the example core circuit 102 has 4 primary
inputs (i1, 12, 13, and 14) and 3 primary outputs (ol, 02, and
03). The scan flip-flops within the circuit are labelled A
through G. Combinatorial gates and non-scan flip-flops are
oiven numerical reference designators 31 through 44.
Because only structural analysis will be performed, the type
of combinatorial gates (1.e., AND, OR, etc.) does not affect
the analysis.

Scan flip-flops are capable of behaving like 1nputs and
outputs when the scan cells are activated via scan control.
For these reasons, they are referred to as pseudo-primary
inputs and pseudo-primary outputs. When the scan cells are
activated, any traversal from the primary inputs to the
primary outputs will stop whenever 1t reaches a scan ilip-
flop. If any flip-flop 1s not a scan flip-flop, then for the
present analysis 1t will be grouped with the combinatorial
cgates. Traversal will not be considered to stop at non-scan
flip-flops.

First, we perform backward traversal from the primary
outputs (ol to 03) and mark all gates which have uninter-
rupted paths to any primary outputs. These gates (gates 40,
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41, 42, 43, and 44) are shown 1 FIG. 3 using diagonal
striping. These gates are said to be within the mput cone of
the primary outputs (ICPO). Signals propagate from these
cgates to primary outputs uninterrupted by scan flip-flops.
The mputs and presents states of only these gates 1s required
to predict all of the primary outputs when the scan cells are
enabled. Information regarding other gates 1s not required. It
the values at the primary inputs (il to 14) and the pseudo-
primary inputs (A to G) are known, then the values at the
primary outputs (ol to 03) can be completely calculated.

Referring now to FIG. 4, next we perform forward
traversal from the primary inputs (il to i4) to determine the
cgates that are within the output cone of the primary inputs
(OCPI). These gates (34, 37, 42, 43, and 44) are denoted by
a stippling pattern. Signals propagate from the primary
inputs to these gates uninterrupted by scan tlip-tflops. Hence,
it 1s not possible to test these gates without toggling or at
least controlling the primary inputs.

We observe that knowledge of the stippled gates 1s not by
itself sufficient to predict the states of gates that are affected
by the primary inputs. For example, gate 37 1s within the
output cone of the primary 1nputs. However, 1t 1s affected by
other gates as well, namely, gates 38, 39, and 40. To
propagate a fault at gate 34 through gate 37, the value of gate
38 must be set at a non-controlling value (1 if gate 37 is an
AND gate, O if an OR gate, etc.). Hence, the functionality of
cate 38 must be known to test gates 34 and 37. The 1nput to
cgate 38 1s determined by gate 39 and gate 40.

Generalizing from the example, to test gates that are
within the output cone of the primary inputs, one must know
not only the functionality of those output cone gates, but one
must also know the functionality of gates that are within the
mnput cone of the output cone of the primary inputs. This
latter group of gates will be termed the side input gates. The
side input gates within the example (31, 32, 33, 38, 39, 40)
are shown 1n FIG. 5 with horizontal striping. The complete
diagram marking 1s shown in FIG. 6.

It will be observed at this point that there 1s one class of
gates remaining. This is the class of gates (gates 35 and 36)
that are not marked. The characteristics of this class are that
the gates within this class (1) do not require any primary
inputs to test (only gates within the output cone of the
primary 1nputs, and side mput gates require primary inputs
to test), and (2) do not require observing primary outputs to
test (are not within the input cone of the primary outputs).
Stated another way, these gates may be completely tested
using only the scan cells. When the scan cells are activated,
these gates are logically 1solated from the rest of the core.
They do not affect the rest of the core, and the rest of the core
does not affect them.

Scan cells are usually connected 1n series 1n a single serial
scan chain, accessible via a serial scan port. Thus, gates 35
and 36 can be completely tested via the serial scan port. The
ASIC vendor can generate test vectors to be applied via the
test port that will fully test these gates. Furthermore, testing
of the rest of the core can be conducted mdependently of
them. For this reason, the test vector generator does not need
any 1nformation about these gates to generate test vectors
that will fully test the rest of the core. All information
concerning these gates can be removed from the netlist.
They are said to be removable gates.

The core has thus been conceptually divided into two
portions. During normal operating mode, the two sections
operate together. The {first portion comprises removable
cates that can be completely 1solated in test mode from the
rest of the core and tested via a serial scan port, using test
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vectors generated by the ASIC vendor. The second portion
can be completely 1solated from the removable gates, and
tested without knowing the functionality or any implemen-
tation details of the removed logic. The customer will
ogenerate test vectors for testing this second portion. These
test vectors will test the ASIC using the primary inputs and
primary outputs as well as the scan test port. Combining the
test vectors generated by the customer with the test vectors
supplied by the vendor, the ASIC can be fully tested by the
customer, without revealing to the customer certain imple-

mentation details of the core.

To summarize, the method of reducing the netlist involves
the steps of identifying those gates that are (a) not in the
OCPI, (b) not in the ICPO, and (c) not in the input cone of
any gates that are in the OCPI. The method turther involves
climinating all of those gates so identified from the unre-
duced core netlist.

A generalized structural description of a partial netlist 1s
shown 1 FIG. 8. This figure represents the conceptual
division of the ASIC core 1nto 1ts constituent logic groups for
purposes of generating the test shell. The square boxes
FF10-FF135 represent scan flip-flops which act as pseudo-
primary inputs and pseudo-primary outputs. Logic block Al
1s controlled by primary inputs to the core, and feeds only
the scan tlip-tflops. Netlist information for logic block Al 1s
necessary for fault propagation. Logic block BE can be
completely controlled by scan flip-flops and feeds primary
outputs of the core. Netlist information for logic block Bl 1s
necessary for the justification process during test generation.
Logic block C1 1s controlled by primary inputs to the core
and directly feeds the primary outputs of the core. Netlist
information for logic block C1 will also be preserved in the
test shell partial netlist. Logic block D1 1s a combination of
all of the above cases and will also be retained 1n the partial
netlist.

Logic block El i1s completely surrounded by the scan
chain. It can therefore be completely tested using only the
scan chain without needing to control or toggle the primary
inputs. Logic block E1 can be deleted from the core netlist
without affecting the test vector generator’s ability to gen-
erate vectors that will test the remaining portion of the ASIC.
The partial netlist for the core will contain logic blocks Al,
B1, C1, and D1. It will not contain E1. The test patterns
which test logic block E1 through the scan chain will be
ogenerated by the vendor and supplied to the customer. Serial
vectors that test logic block E1 will be input through the scan
chain, and the results will also be read out through the scan
chain. It does not matter that the scan chain for the core
depicted in FIG. 8 1s concatenated with the scan chains for
other cores, or any other scan cells within the ASIC.

A further aspect of the present invention involves the
treatment of scan chains. It has already been determined that
the netlist information for block E1 1 FIG. 8 will not be
orven to the customer. When logic block E1 contains scan
flip-flips such as FF4 and FF5 as depicted in FIG. 9, and
those scan flip-flops are connected to the same scan chain
that runs throughout the entire ASIC as i1s the normal
practice to reduce ASIC I/O pin requirements, the contents
of those flip-flops will be read out whenever the tester reads
the scan chain. The test vector generator must therefore be
informed, at a minimum, how many scan cells are contained
within removed logic block E1. The problem with revealing
this information 1s that it 1s desirable to keep confidential
even the number of scan flip-tlops within logic block E1.
One possible solution 1s to delete the scan cells along with
the rest of the removed logic from the netlist and allow the
customer to generate test vectors as normal. Before these test
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vectors are applied to the hardware, the vendor edits this file
to insert a number of X’s (“don’t cares”) into the expected
output vector file, the number of X’s being equal to the
number of scan cells removed. One drawback to this solu-
tion 1s that such post-processing editing of the expected test
vector fille can become burdensome, particularly when an
ASIC contains multiple mstances of multiple cores.

A second and preferred solution 1s shown in FIG. 10.
Form a first scan chain comprising all the scan cells
(FF1-FF6) as normal. This first chain includes the scan cells
(FF3 and FF4) within the removed block E1 concatenated
with the other scan cells. Form also a second scan chain
comprising only scan cells (FF1, FF2, FFS, and FF6) that are
not within the removed logic block E1l. Provide a control
signal that controls a switch means such as a multiplexer for
selecting either of these two signals. During ASIC level test
vector generation and ASIC level testing performed by the
customer, select the non-concatenated scan chain to scan
out. During this phase, the scan cells within removed block
E1 will not affect the expected output vectors.

During vector generation performed in-house by the
vendor, and corresponding core level testing performed by
the customer using the vectors supplied by the vendor, the
control will be set to the opposite value. This allows the

concatenated chain to be read out, so that the circuitry within
block E1 can be tested.

The result of the above circuit and method 1s that any need
to provide to the customer details about logic block El
including the number of scan cells within E1, or alterna-
tively to manually edit the ASIC level test vector output file
in multiple places, 1s avoided.

FIG. 11 shows the functional overview of the Test Shell
Generator software tool. The main function of the Test Shell
Generator 1s to prune the original netlist of the core by
removing certain gates that are not necessary for ASIC test
vector generation, and produce a partial (reduced) netlist.
During the ASIC test vector generation process, the cus-
tomer will generate test vectors to detect faults 1n that part
of the core that is specified by the partial netlist (of the core)
supplied to the customer.

The vendor will supply the customer with a set of test
vectors to detect faults 1n that part of the core that has been
removed from the original netlist. In order to generate these
test vectors, the Test Shell Generator first generates a fault
list covering the gates that have been removed from the
original netlist. The vendor uses this fault list to generate the
necessary test vectors. The test shell to be delivered to the
customer for this core comprises these test vectors, along
with the reduced partial netlist for the core. The customer
will then generate additional test vectors for ASIC level
testing.

The method of the present mvention was applied to
several cores as well as several existing complete ASIC
designs, 1n order to measure the effectiveness of the inven-
tion. The results are presented in Table 1 below.

TABLE 1
No. of (Gate Reduction
Internal No. of Gates % of Gates
Circuit Cells Removed Removed
ASIC #1 18569 6181 33.29
ASIC #2 11371 6311 55.50
ASIC #3 0309 26 0.28
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TABLE 1-continued

No. of Gate Reduction
Internal No. of Gates % of Gates
Circuit Cells Removed Removed
ASIC #4 1802 180 10.00
Communications 1602 96 6.00
Core #1
Communications 570 36 6.42
Core #2
m10t 365 237 64.93
Processor Core #1 4808 2678 55.70
Processor Core #2 2627 1 0.04
Processor Core #3 468 2 0.43
Total of 7907 2681 33.91
Processor Cores
1-3

As 1ndicated 1n Table 1, results for the test cases varied
from 0.04% reduction to 64.93% reduction. Even a very
small percentage of gate reduction can be of great value to
an ASIC vendor, because eliminating even a very small
portion of the circuit from the netlist will prevent wholesale,
automated copying of the proprietary core design from the
netlist. The engineering effort to determine what functional
sections of the core are and are not present within the
reduced netlist, and design the missing sections to seam-
lessly operate with the rest of the core, may in many
circumstances be suflicient to discourage copying altogether.
Furthermore, a core designer who 1s aware of the netlist
reduction method presented herein can create his or her
design with an eye toward ensuring that the most competi-
fively sensitive portions of the design will be removable by
the present method. That 1s, the core designer can i1dentily
competitively sensitive portions of the core design that
would not otherwise be testable via a test port, and provide
to those competitively sensitive portions a capability to be
tested via the test port, whereby the competitively sensitive
portions can be removed from the test shell by the method
of the present invention and thus maintained as proprietary

design 1information.

Although the above discussion focusses on a digital
ASIC, the same techniques may be used for digital logic
blocks within a mixed signal ASIC. The general methodol-
ogy may also be applied to a purely analog ASIC. Using
1solating means such as analog switches, some proprietary
processing portion of an analog core may be 1solate from the
other portion, and tested via a separate test port using test
input signals and expected output signals supplied by the
vendor. This eliminates any need to supply a detailed netlist
description such as a SPICE model of the 1solated portion to
the customer. For an analog ASIC, mdividual proprietary
processing portions would 1n most cases not be connected
serially as with a digital scan chain, but would be output to
ASIC test I/O pins individually either by multiplexing or
providing a separate test port for each proprietary portion to
be 1solated and tested.

Although the present invention has thus been described 1n
detail with regard to the preferred embodiments and draw-
ings thereot, it should be apparent to those skilled 1n the art
that various adaptations and modifications of the present
invention may be accomplished without departing from the
spirit and the scope of the mvention. Accordingly, it 1s to be
understood that the detailed description and the accompa-
nying drawings as set forth hereinabove are not intended to
limit the breadth of the present invention, which should be
inferred only from the following claims and their appropri-
ately construed legal equivalents.
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What 1s claimed 1s:

1. A method of generating a reduced netlist for a digital
logic block for the purpose of maintaining certain imple-
mentation details of the digital logic block confidential while
allowing test patterns for the digital logic block to be
ogenerated from the reduced netlist, the test patterns being
suflicient 1n combination with predetermined supplemental
test patterns to test substantially all of the digital logic block,
the digital logic block including primary inputs, primary
outputs, logic gates, and signal connections therebetween,
the method comprising the steps of:

1dentifying a first logic group comprising gates that are
not 1n the mput cone of the primary outputs, are not in
the output cone of the primary inputs, and are not in the
input cone of the output cone of the primary inputs;

identifying a second logic group comprising gates that
may be tested 1n 1solation from said first logic group;
and

cgenerating a reduced netlist, the reduced netlist containing,
netlist information for said second logic group, said
netlist containing less than complete netlist information
for said first logic group.
2. An integrated circuit comprising:
a processing circuitry comprising;:
a first processing portion comprising proprietary cir-
cuitry; and
a second processing portion comprising non-
proprietary circuitry, said second processing portion
bemng in functional communication with said first
processing portion during a normal operating mode;

a functional I/O port comprising functional mput nodes
for presenting input signals to said processing circuitry
and functional output nodes for conveying output sig-
nals from said processing circuitry;

a test port for testing said processing circuitry 1n a test
mode; and

1solation means for 1solating said first processing portion
from said second processing portion, such that said first
processing portion may be substantially completely
tested via said test port and said second processing
portion may be substantially completely tested via said
functional I/O port and said test port.

3. The mtegrated circuit of claim 2 wherein said first and
second processing portions each comprise digital combina-
torial and sequential logic.

4. A system for testing an integrated circuit comprising;:

an 1ntegrated circuit as defined in claim 2;

a netlist description of said second processing portion of
said processing circuit, the netlist description for gen-
erating test vectors to test said second processing
portion using said functional I/O port; and

a set of test patterns for testing said first processing
portion using said test port.
5. A circuit for keeping confidential certain implementa-
tion details of a logic block, the circuit including scan cells
for test purposes, the circuit comprising:

A

first logic portion, said first logic portion including a
first set of scan cells, the number of scan cells within
said first set not being considered proprietary informa-
tion;

a second logic portion, said second logic portion 1nclud-
ing a second set of scan cells, the number of scan cells
within said second set being considered proprietary
information;

a first scan chain including said first set of scan cells;
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a second scan chain including said second set of scan
cells; and

a switch for selectively coupling a test output port to
either said first scan chain 1n a first test mode, or to said
first scan chain concatenated with said second scan
chain 1n a second test mode.

6. A circuit as defined 1n claim § wherein:

said switch comprises a multiplexer.
7. A method of keeping electronic core circuit design

details confidential from an outside party such as a user of
said core, while still allowing said outside party to substan-
fially fully test an integrated circuit design incorporating
said core, the method comprising the steps of:

(a) 1dentifying a proprietary portion of said core that is
competitively sensitive and that can be substantially
fully tested via a test port;

(b) generating a test shell for the core, said test shell
comprising less than complete netlist information for
said proprietary portion, said test shell otherwise rep-
resenting a netlist of said core;
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(c) generating test port test vectors to test said proprietary
portion via said test port; and

(d) providing to said second party said test shell and said
test port test vectors;

whereby said second party 1s able to substantially fully
test a design 1ncorporating said core even though said
second party has been provided with less than complete
core netlist information.

8. The method of claim 6 further comprising the steps of:
(¢) identifying competitively sensitive portions of said
core design that are not testable via said test port; and

(f) providing to said competitively sensitive portions a
capability to be tested via said test port;

whereby said competitively sensitive portions can be

removed from said test shell and maintained as propri-
ctary design information.



	Front Page
	Drawings
	Specification
	Claims

